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(57) ABSTRACT

A wireless charging device includes a plurality of power
supply modules, a control unit and a charge module. Each of
the power supply modules includes a receiver and a conduc-
tion circuit. The receiver outputs an induction current. The
conduction circuit is coupled to the receiver and generates an
output signal according to the induction current. The control
unit is coupled to the power supply modules and generates a
control signal according to the induction current outputted by
the receivers. The charge module is coupled to the power
supply modules and generates a charge current according to
the output signal generated from the power supply modules.
The control unit adjusts the maximum value of the charge
current according to the number of the power supply modules
which generate the induction current.

8 Claims, 4 Drawing Sheets
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1
WIRELESS CHARGING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This non-provisional patent application claims priority to
U.S. provisional patent application with Ser. No. 61/778,457
filed on Mar. 13, 2013. This and all other extrinsic materials
discussed herein are incorporated by reference in their
entirety.

This application claims the priority benefit of Taiwan
application serial No. 102141143, filed on Nov. 12,2013. The
entirety of the above-mentioned patent application is hereby
incorporated by reference herein and made a part of specifi-
cation.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The disclosure relates to a charging device and, more par-
ticularly, to a wireless charging device.

2. Description of the Related Art

Portable electronic devices are requested to have a higher
reacting speed, higher efficiency, and lighter, smaller, and
thinner dimension. Generally, a portable device includes a
chargeable battery to provide power. When the battery is low,
the battery can be charged via a wired or wireless charger.

Although the wireless charging technology has developed
for aperiod, its application is still limited to a low power level.
If a portable electronic device needs a higher power level, it
should comply with a related specification and a safety stan-
dard when a wireless charging system is conducted, so as to
ensure the compatibility between different systems and avoid
components damage of the wireless charging device due to
large power.

BRIEF SUMMARY OF THE INVENTION

A wireless charging device including a plurality of power
supply modules, a control unit and a charge module is dis-
closed. Each of the power supply modules includes a receiver
and a conduction circuit. The receiver outputs an induction
current. The conduction circuit is coupled to the receiver, and
generates an output signal according to the induction current.
The control unit is coupled to the power supply modules, and
generates a control signal according to the induction current
outputted by the receiver. The charge module is coupled to the
power supply modules, receives the Output signal generated
from the power supply modules and outputs a charge current.
The control unit adjusts a maximum value of the charge
current of the charge module according to the number of the
power supply modules which generate the induction current.

In sum, in the wireless charging device, the control unit
adjusts a maximum value of the charge current from the
charge module according to the number of the power supply
modules which generate the induction current, so as to man-
age and use the power source efficiently.

These and other features, aspects and advantages of the
present disclosure will become better understood with regard
to the following description, appended claims, and accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram showing a wireless charging
device in a first embodiment;

FIG. 2 is a schematic diagram showing a Wireless charging
device in a second embodiment;
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2

FIG. 3A and FIG. 3B are schematic diagrams showing a
current limiting controller of the wireless charging device in
an embodiment; and

FIG. 4 is a schematic diagram showing a wireless charging
device in a third embodiment.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

A wireless charging device is illustrated with relating fig-
ures, and the same symbols denote the same components.

FIG. 1is a schematic diagram showing a wireless charging
device in a first embodiment. In the embodiment, the wireless
charging device 1 can charge a battery of various portable
electronic devices. The wireless charging device 1 includes
two power supply modules 11 (11a and 115), a control unit 12
and a charge module 13. The power supply modules 11 are
coupled to the control unit 12 and the charge module 13,
respectively. In the embodiment, the wireless charging device
includes two power supply modules, which is not limited
herein. The number of the power supply modules can be
adjusted according to requirements of circuit design and the
load.

The two power supply modules 11a and 115 include same
components. The power supply modules 11a and 115 include
areceiver 111 and a conduction circuit 112, respectively. The
receiver 111 may include a first induction coil 1111 and a
receiving circuit 1112, and the receiving circuit 1112 is
coupled to the first induction coil 1111 and the conduction
circuit 112. When the first induction coil 1111 inducts a
magnetic field, it generates and outputs an induction current
11, and the receiving circuit 1112 rectifies the induction cur-
rent I1 to a direct current. The conduction circuit 112 gener-
ates an output signal So according to the induction current I1
outputted by the receiving circuit 1112. The output signal So
in the embodiment may be a current signal or a voltage signal.

The control unit 12 is coupled to the power supply modules
11a and 114, and generates a control signal Sc according to
the induction current I1 outputted by the receiver 111. The
controlunit 12 receives the induction current I1a outputted by
the receiver 111 of the power supply modules 11a and the
induction current 115 outputted by the receiver 111 of the
power supply modules 115, respectively, and determines the
number of the power supply modules 11 which generate the
induction current 11 according to the value of the received
induction current I1.

When the control unit 12 determines the received induction
current 11 is zero, close to zero or smaller than a predeter-
mined value, it can be determined that the power supply
module 11 corresponding to the induction current I1 is not in
operation. The charge module 13 is coupled to the power
supply modules 11a, 115 and the control unit 12, receives the
output signal So outputted by the power supply modules 11a
and 115 and outputs a charge current 12 to a load (not shown).
The control unit 12 adjusts a maximum value of the charge
current 12 of the charge module 13 according to the deter-
mined number of the power supply modules 11 which gener-
ate the induction current I1.

When only one of the power supply modules 11 is in
operation, for example, only the power supply module 11a is
in operation, the control unit 12 detects the induction current
I1a outputted by the receiver 111 of the power supply mod-
ules 11a. The control unit 12 outputs a control signal Sc to the
charge module 13 according to a determining result to adjust
the maximum value of the charge current I2 approximate to a
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current of the output signal So which is the largest power of a
single power supply module 11.

When the two power supply modules 11 are in operation,
the control unit 12 detects that both the power supply modules
11a and 115 output the induction current I1 which is not zero
or is larger than a predetermined value. At the moment, the
control unit 12 outputs the control signal Sc to the charge
module 13 according to the determining result to adjust the
maximum value of the charge current 12 approximate to a
current which is the largest power of two power supply mod-
ules 11a and 115.

Since the charge current 12 of the charge module 13 is
generated according to the output signal So outputted by the
power supply modules 11, the control unit 12 can adjust the
maximum value of the charge current 12 from the charge
module 13 according to the number of the power supply
modules 11 which generate the induction current 11, and thus
the output signal So from the power supply modules 11 can be
efficiently managed and applied.

Furthermore, in the structure of the embodiment stated
above, when the wireless charging device 1 switches from
two power supply modules 11 in operation to only one power
supply module 11 in operation, for example, one power
source P is shut down. Since the charge module 13 adjusts the
maximum value of the charge current 12 according to the
control signal Sc outputted by the control unit 12, the whole
operation of the wireless charging device 1 is not affected.
Similarly, when the wireless charging device 1 switches from
one power supply module 11 in operation to two power sup-
ply modules 11 in operation, since the charge module 13 can
adjust the maximum value of the charge current 12 instantly,
the wireless charging device 1 still can operate normally,
which avoids a circuit damage due to a sudden change of the
power.

In the embodiment, the wireless charging device 1 further
includes a plurality of transmitters 14 and a plurality of sec-
ond induction coils 15. The transmitters 14 are electrically
connected to a power source P, and generate a working current
13. The second induction coils 15 are coupled to the transmit-
ters 14, respectively, and the receiver 111 outputs the induc-
tion current 11 according to the working current 13. In detail,
the transmitters 14 generate the working current 13 from the
power source P, and generate a magnetic field via the second
induction coil 15. Then, the first induction coil 1111 of the
receiver 111 generates the induction current 11 according to
the magnetic field and transmits the induction current I1 to the
receiving circuit 1112.

In the embodiment, the wireless charging device 1 further
includes a detecting module 16 and a switch 17. The detecting
module 16 is coupled to the power supply modules 11a and
114. The switch 17 is coupled to the charge module 13 and the
control unit 12. When the detecting module 16 receives an
external power source PO, it outputs multiple turn off signals
S1 and S2. In the embodiment, the turn off signal S1 is
outputted to the receiver 111 of the power supply modules
11a, and the turn off signal S2 is outputted to the receiver 111
of the power supply modules 115.

When the power supply modules 11a and 115 stops out-
putting the induction current I1 according to the turn off
signal S1 or S2, and the detecting module 16 receives an
external power source PO, the control unit 12 outputs a switch
signal S3 to conduct the switch 17. That means, when a power
adapter is used to provide power to the charge module 13, the
control unit 12 outputs the turn off signals S1 and S2 to make
the power supply modules 11a and 115 stop providing power,
and conduct the switch 17 to make the external power source
PO provide power the charge module 13. Thus, the wireless
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4

charging module 1 in the embodiment can also be used in
wired charging. When it is determined that the control unit 12
is not connected to the external power source PO, the switch
17 is cut off.

FIG. 2 is a schematic diagram showing a wireless charging
device in a second embodiment. The difference between the
wireless charging device 2 and the wireless charging device 1
is that the conduction circuit 212 of the power supply modules
21a and 215 in the wireless charging device 2 includes a
switch element 2121 and a current limiting controller 2122.
One end of the switch element 2121 of the power supply
modules 21a and 215 is coupled to the charge module 13, and
the current limiting controller 2122 is coupled to the receiver
111 and the other end of the switch element 2121.

In other words, the output signals So of the power supply
modules 21a and 215 gather to the charge module 13 in a
current form, and the charge module 13 outputs the charge
current 12 to a load accordingly. In the embodiment, the
switch element 2121 is a diode, its anode end is coupled to the
current limiting controller 2122, and its cathode is coupled to
the charge module 13. In other embodiments, the switch
element 2121 may also be a transistor, such as a metal-oxide-
semiconductor field effect transistor (MOSFET) or a bipolar
junction transistor (BJT). The switch element 2121 should
have a function of controlling the conducting of current, and
it should conform to a safety standard of rated voltage and
rated current.

Since errors may exist in circuit assembly or manufacture,
the induction current 11 outputted by the receivers 111 of the
power supply modules 21a and 215 may have a slight differ-
ence, which means the voltage outputted by the receivers 111
may be different. When the voltage outputted by the receiver
111 of the power supply module 21a is larger than the voltage
outputted by the receiver 111 of the power supply module
215, the power supply module 21a has a higher priority than
the power supply module 21/ to provide power.

At the moment, the current limiting controller 2122 of the
power supply module 21a adjusts its resistance according to
adetecting and determining result of the induction current [1a
outputted by the receiver 111, so as to make the voltage
outputted by the receiver 111 ofthe power supply module 21a
the same as the voltage outputted by the receiver 11 of the
power supply module 215. Thus, the power supply modules
21a and 2156 provide the output signals So to the charge
module 13 at the same time. The current limiting controller
2122 of the power supply module 215 has the same functions
as the current limiting controller 2122 of the power supply
modules 21a, which is omitted herein.

FIG. 3A is a schematic diagram showing the current lim-
iting controller 2122 of the wireless charging device 2 in the
second embodiment. Please refer to FIG. 3A and FIG. 2, in
the embodiment, the current limiting controller 2122 includes
a current detecting module CD and a resistance adjusting
module RA. The current detecting module CD receives and
detects the induction current 11, and the resistance adjusting
module RA is coupled to the current detecting module CD
and receives the induction current I1. When the current
detecting module CD detects that the induction current 11
outputted by the receiver 111 is larger than a predetermined
value, the current detecting module CD outputs a detecting
signal S4 to the resistance adjusting module RA to adjust the
resistance of the resistance adjusting module RA. In detail,
when the induction current 11 is larger than a predetermined
value, the current detecting module CD reduces the resistance
of the resistance adjusting module RA to reduce the corre-
sponding voltage.
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Please refer to FIG. 3B, the current detecting module CD
includes a detecting resistor Rs, a first comparator C1, a
second comparator C2 and a reference voltage Vr. The induc-
tion current [1 flows through the detecting resistor Rs, and
thus the detecting resistor Rs has a voltage difference between
its two ends. The first comparator C1 includes two inputting
ends coupled to the two ends of the detecting resistor Rs,
respectively, and outputs a compare signal S5 according to the
voltage difference between the two ends of the detecting
resistor Rs. The second comparator C2 receives the compare
signal S5 and the reference voltage Vr, and accordingly out-
puts the detecting signal S4 to the resistance adjusting module
RA to adjust the resistance of the resistance adjusting module
RA. The resistance adjusting module RA may be a transistor,
such as a MOSFET or a BJT, or other components which can
adjust resistance.

FIG. 4 is a schematic diagram showing a wireless charging
device 3 in a third embodiment. The difference between the
wireless charging device 3 and the wireless charging device 2
is that the conduction circuits 312 of the power supply mod-
ules 314 and 315 in the embodiment include a switch element
3121, respectively, and the switch element 3121 is connected
to the receiver 111 in parallel and is coupled to the charge
module 13. The switch elements 3121 are also coupled to
each other. The power supply module 315 further includes a
resistance element R, and the resistance element R is con-
nected to the switch element 3121, in parallel. In the embodi-
ment, the switch element 3121 is a diode, and the resistance
element R is a resistor, which is not limited herein. An anode
end of the switch element 3121 of the power supply module
31ais coupled to a cathode end of the switch element 3121 of
the power supply module 315, which means the switch ele-
ments 3121 are connected in series.

In the embodiment, when both the power supply modules
31a and 315 output the induction current 11, the switch ele-
ments 3121 ofthe power supply modules 31a and 315 form an
open circuit due to a reverse biased voltage, and the power
supply modules 31a and 315 provide the output signals So to
the charge module 13 at the same time. That means, the power
supply modules 31a and 315 can provide a voltage double of
that provided by one power supply module, and generate a
double transmission power.

When only the power supply module 315 is in operation
and outputs the induction current I1, the switch element 3121
of'the power supply module 315 forms an open circuit due to
a reverse biased voltage. Thus, the induction current I1 flows
to the charge module 13 through the switch element 3121 of
the power supply module 31a. Moreover, when only the
power supply module 31a outputs the induction current Ti,
the switch element 3121 of the power supply modules 31a
forms an open circuit due to a reverse biased voltage, and the
induction current 11 flows to the charge module 13 through
the switch element 3121 of the power supply module 315.

However, when the load does not increase, the switch ele-
ment 3121 of the power supply module 315 may not be
conducted and forms an open circuit, and a grounding end of
the receiver 111 of the power supply module 315 floats, which
results in a float of the output voltage level. Consequently, the
induction current can flow through the resistance element R to
form a circuit, which can avoid the floating of the grounding
end of the power supply module 315.

In the embodiment, the wireless charging device 3 can use
both of the power supply modules 31a and 315 to provide the
output signals So to execute wireless charging, or only use
one power supply module 31. In other words, when one of the
power supply modules 31 stops providing the output signal
So, the other power supply module 31 is still in operation and
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does not stop providing power. Thus, the wireless charging
device 3 can efficiently manage and apply the output signal So
crated from the power supply modules 31.

Although the present disclosure has been described in con-
siderable detail with reference to certain preferred embodi-
ments thereof, the disclosure is not for limiting the scope.
Persons having ordinary skill in the art may make various
modifications and changes without departing from the scope.
Therefore, the scope of the appended claims should not be
limited to the description of the preferred embodiments
described above.

What is claimed is:

1. A wireless charging device, comprising:

a plurality of power supply modules, wherein each of the
power supply modules includes:

a receiver including a first induction coil and a receiving
circuit coupled to the first induction coil, outputting an
induction current; and

a conduction circuit coupled to the receiver and generating
an output signal according to the induction current;

a control unit coupled to the power supply modules and
generating a control signal according to the induction
current outputted by the receiver; and

a charge module coupled to the power supply modules and
receiving the output signal generated from the power
supply modules to output a charge current,

wherein the control unit adjusts a maximum value of the
charge current of the charge module according to the
number of the power supply modules which generate the
induction current.

2. The wireless charging device according to claim 1,

wherein the conduction circuit includes:

a switch element, wherein one end of the switch element is
coupled to the charge module; and

a current limiting controller coupled to the receiver and the
other end of the switch element.

3. The wireless charging device according to claim 2,

wherein the current limiting controller includes:

a current detecting module detecting the induction current;
and

a resistance adjusting module coupling to the current
detecting module and receiving the induction current;

wherein when the induction current is larger than a prede-
termined value, the current detecting module outputs a
detecting signal to the resistance adjusting module to
adjust a resistance.

4. The wireless charging device according to claim 3,

wherein the current detecting module further includes:

a detecting resistor, wherein the induction current flows
through the detecting resistor;

a first comparator including two inputting ends, wherein
the two inputting ends are coupled to two ends of the
detecting resistor, respectively, and the first comparator
outputs a compare signal according to a voltage differ-
ence between the two ends of the detecting resistor;

a reference voltage; and

a second comparator receiving the compare signal and the
reference voltage and accordingly outputting the detect-
ing signal to the resistance adjusting module.

5. The wireless charging device according to claim 3,

wherein the resistance adjusting module is a transistor.

6. The wireless charging device according to claim 1,
wherein each of the conduction circuits includes a switch
element, and the switch element and the receiver are con-
nected in parallel.
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7. The wireless charging device according to claim 1,
wherein the wireless charging device further includes:

aplurality of transmitters electrically connected to a power
source, respectively, and generating a working current;
and 5

a plurality of second induction coils coupled to the trans-
mitters, respectively, and receiving the working current,
wherein the receiver outputs the induction current
according to the working current.

8. The wireless charging device according to claim 1, 10

wherein the wireless charging device further includes:

a detecting module coupled to the power supply modules;
and

a switch coupled to the charge module and the control unit,

wherein when the detecting module receives an external 15
power source, the detecting module outputs multiple
turn off signals, the power supply modules stop output-
ting the induction current according to the turn off sig-
nals, and the control unit outputs a switch signal to
conduct the switch. 20
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